ABSTRACT. Interleukin-6 (IL-6) is a multifunctional cytokine that is involved in tumor cell proliferation, apoptosis, and differentiation. The purpose of this study was to evaluate the impact of the single nucleotide polymorphism (SNP) -174G/C in IL-6 on the prognosis and pain tolerance of non-small cell lung cancer (NSCLC) patients. DNA was extracted from the peripheral blood of 434 patients with NSCLC, which was diagnosed by cytology or histology. Polymerase chain reaction-restriction fragment length polymorphism was used to detect the IL-6 -174G/C genotypes and their correlation with survival was analyzed. The IL-6 -174G/C genotypes were high IL-6 production type (G carriers -GG or GC genotypes) and low IL-6 production type (CC genotype). The correlation between the IL-6 SNP and pain level/analgesic use was also analyzed. Survival analysis showed that patients carrying the G allele (CG/GG) had a shorter survival time than patients with the CC genotype. The -174G/C SNP is in the promoter region of the IL-6 gene and may be associated with changes in gene transcription and serum cytokine levels. Presence of the IL-6 -174G/C SNP is significantly correlated with morphine equivalent daily dose. Patients with the CC genotype needed a higher opioid dose than patients with the GG or GC genotypes. In conclusion, we found that the IL-6 -174G/C SNP is closely related to survival, analgesic use and pain tolerance in NSCLC patients. However, it is necessary to further validate the results with a larger patient cohort and elucidate the mechanisms of this SNP.
INTRODUCTION
Lung cancer is a prevalent form of cancer that accounted for 26 and 29% of cancer deaths in women and men, respectively, in 2012. Eighty-five percent of these deaths were due to non-small cell lung cancer (NSCLC), a type of lung cancer with a particularly poor prognosis (Araújo et al., 2007; Jemal et al., 2011) . Clinical and epidemiologic data show that inpatients diagnosed with NSCLC, 20% were associated with chronic infections, 30% were associated with smoking and pollutant inhalation (asbestos and silica), and 35% were related to diet (20% of which were due to a high-fat diet) (Molina et al., 2008) . The lung cancer tumor microenvironment is composed of extracellular matrix, tumor cells, fibroblasts, inflammatory cells, cytokines, chemokines, hormones, and proteases. Chemokines are the basis of many biological processes and may play a role in the autocrine or paracrine function of tumor growth. Interleukin-6 (IL-6) is a multifunctional cytokine that is involved in tumor cell proliferation, apoptosis, and differentiation. It is expressed by malignant epithelial cells and thus is closely related to poor lung cancer prognosis (Coussens and Werb, 2002; Lin and Karin, 2007; Aggarwal et al., 2009) . The IL-6 gene is located at chromosome 7p21, and studies have found a single nucleotide polymorphism (SNP) in the promoter region. A point mutation from G to C at position -174 (rs1800795) could be correlated with changes in the IL-6 gene transcription rate, affecting IL-6 levels in the peripheral circulation. There are two primary genotypes formed by this SNP: the high IL-6 production type (GG and GC genotypes) and low IL-6 production type (CC genotype). Genetic studies have shown that the frequency of the G allele at position -174 has racial and ethnic differences (Brandao et al., 2012) . The first goal of this study was to investigate the role of the -174G/C SNP in the IL-6 gene on NSCLC prognosis.
Pain is one of the most common and important factors affecting the prognosis of patients with NSCLC. It was reported that 30-40% of patients were in pain during the active period of the cancer, while this value reached 80% for patients in the later stages of disease. Opioids are the first choice for dealing with pain from cancer, but they have a significant difference in effect between individuals. High doses of opioids lead to neurotoxicity and repeated use may increase side effects and tolerance. Therefore, it is necessary to identify a new biomarker to reflect patient sensitivity to opioids. Cytokines may be involved in the mechanism for pain due to cancer and are related to opioid drug tolerance. During inflammation or neural injury, activated neurons release pro-inflammatory cytokines, leading to activation of pain transmission neurons. Synapses release numerous substances, including substance P and excitatory amino acids, which can aggravate the pain response. The second goal of this study was to investigate the relationship between the -174G/C SNP in the IL-6 gene and pain in NSCLC patients.
MATERIAL AND METHODS

Patient information
Between 1999 and 2012, 434 patients with NSCLC were enrolled in this study. The mean age of the selected patients was 64.0 ± 10.25 years. The inclusion criteria were: NSCLC diagnosed by histology or cytology with no anti-tumor therapy except to relieve symptoms; Eastern Cooperative Oncology Group score £2; and no other tumors present. Patients lacking tissue typing were excluded from the study. Smoking status was defined as the patient continuing to smoke after diagnosis. All patients provided written consent and the study was approved by the institutional review board in Zibo Central Hospital.
IL-6 -174G/C genotypes
DNA was extracted from white blood cells using the QIAmp ® DNA Blood Mini Kit (Qiagen, USA). Polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) was applied to analyze the presence of the IL-6 -174G/C polymorphism. Five units of NlaIII (New England Biolabs, USA) was used to digest the PCR product at 37°C for 4 h. The restriction fragment was analyzed by electrophoresis on a 3% agarose gel. Fragments of 111 and 52 bp were consistent with the CC homozygous genotype, a 164-bp fragment represented the GG homozygous genotype, and all three fragments (52, 111 and 164 bp) represented the GC heterozygous genotype. Quality control was performed in 10% of samples and a negative control was used.
Cancer pain quantification and opioid use
Patients' treatments and follow-up information were collected to quantify pain after diagnosis. A score of 0 represented no pain and 10 represented intolerable pain. A record of opioid usage was also collected. Different types of opioid drugs were converted to morphine equivalent daily dose (MEDD) for comparison. Telephone follow-up was used when the medical record was incomplete.
Data processing
All statistical analyses were performed using the SPSS19.0 software (IBM SPSS, New York, NY, USA). The c 2 or Fisher exact tests were applied to assess different proportions and the Kaplan-Meier curve was used to assess survival distribution. Lifetime was defined as the time span from diagnosis to death or last assessment time. Multivariate Cox proportional analysis was performed to determine the relationship between age, gender, tumor stage, pathology type, smoking, and IL-6 genotype with NSCLC overall survival. Hazard ratio (HRs) and 95% confidence interval (95%CI) were used to describe risk factors. Multivariate regression analysis was applied to evaluate the relationship between the IL-6 -174G/C genotype with cancer pain degree and opioid dosage. P < 0.05 was considered to be significant.
RESULTS
Patient information
Of the 434 enrolled NSCLC patients, 165 cases were epidermoid carcinoma, 207 were adenocarcinoma, 40 were undifferentiated carcinoma, 14 were large cell carcinoma, 5 were mixed carcinoma, and 3 cases with unknown carcinoma. Of the patients, 78.11% were male and 23.43% were female, 72.12% were smokers; all data are summarized in Table 1 . The frequency of genotypes GG, GC and CC was 37.6, 54.9, and 7.5%, respectively.
The IL-6 polymorphism genotypes were divided into two groups according to their functional activity: high IL-6 production group (G carriers-GC or GG genotypes) and low IL-6 production group (CC genotype). We found that the expression frequency of the G carrier genotypes was 92.5%. All genotypes showed no significant differences between patients' age at diagnosis (P = 0.367), tumor histology (P = 0.470), gender (P = 0.761), smoking history (P = 0.196), and tumor stage (P = 0.238). 
IL-6 -174G/C polymorphism and prognosis analysis
Kaplan-Meier analysis showed that the overall survival rate of NSCLC patients was different based on the presence of the IL-6 -174G/C polymorphism. The survival time of patients carrying the G allele (CG/GG) was significantly shorter than patients with the CC genotype (42.31 vs 62.79 months, P = 0.032) (Figure 1) .
To further investigate the role of the IL-6 -174G/C polymorphism in overall survival rate, the Cox proportional hazards model was applied to analyze gender, age, tumor stage, histology type, smoking history, and other related variables. It was found that tumor stage (P < 0.001), smoking history (P = 0.013), and IL-6 -174G/C polymorphism (P = 0.022) were independent prognostic factors for the overall survival rate of NSCLC patients (Table 2 ). 
Correlation between IL-6 -174G/C polymorphism and pain
On a scale of 1 to 10, a score greater than 7 was defined as severe pain. Our survey results revealed that 41% of patients presented severe pain at diagnosis and the average MEDD was greater than 120 mg/24h. Univariate analysis showed that the IL-6 -174G/C gene polymorphism was significantly correlated with MEDD (GG = 69.61; GC = 93.6; CC = 181.67; P = 0.004). The opioid dose in relation to the different IL-6 genotypes was significantly higher in males than females. Multivariate logistic regression analyses also showed that patients with the homozygous CC genotype needed a higher opioid dose than those with GG or GC genotypes (odds ratio = 4.7; 95% CI = 1.2-15.0). This data is summarized in Table 3 . 
DISCUSSION
Recent research has shown that inflammatory mediators may promote the development of a variety of tumors in cancers, including lung cancer. It was reported that the -174G/C polymorphism in IL-6 is correlated with lung cancer (Crohns et al., 2010) . This study aimed to explore the link between the IL-6 -174G/C polymorphism and prognosis of patients with NSCLC. IL-6 plays an important role in tumor cells as a cytokine and is involved in many metabolic processes, such as malignant tumor cell differentiation, tumor growth, and regulation of the immune microenvironment. It can also promote angiogenesis, inhibit tumor cell apoptosis, and mediate cell resistance. IL-6 directly stimulates tumor growth through activating several signaling pathways, such as the Ras/ Raf/Mitogen-activated protein kinase/extracellular-signal-regulated kinase 1/2 signaling pathway (Naka et al., 2002; Ara and Declerck, 2010) . Additionally, it can promote cell cycle activation by upregulating cyclin D1, cyclin D2, cyclin B1, and Myc proteins through activation of signal transducer and activator of transcription 3 (STAT3) and downregulation of the cyclin-dependent kinase (CDK) inhibitor p21
Cip1 (Giri et al., 2001; Łukaszewicz et al., 2007) . IL-6 is highly expressed in lung, brain, and liver tissues, and it promotes tumor metastasis by leading tumor cells into the peripheral circulation to enter in other organs (Culig et al., 2005) . In recent years, it has been confirmed that IL-6 and IL-8 may recruit circulating tumor cells back to the original tumor location, which is known as "tumor self-cultivation", and this can accelerate tumor growth, neovascularization, and stromal cell recruitment (Hefler et al., 2003; Zhang et al., 2009; Giannitrapani et al., 2013) . Many studies have also suggested that high serum IL-6 levels are related to poor prognosis in breast, prostate, pancreatic, and ovarian cancers. Crohns et al. (2010) showed that levels of IL-6 and other cytokines may be involved in prognosis in lung cancer patients. Enewold et al. (2009) hypothesized that high serum levels of IL-6, IL-10, IL-12, and TNF-a are correlated with poor prognosis of lung cancer in African Americans and Caucasians. Thus, it can be deduced that high IL-6 levels in the peripheral circulation is related to a worse response to chemotherapy and poor clinical prognosis in NSCLC patients (Liu et al., 2012; Zarogoulidis et al., 2013) . SNPs located in the promoter region of IL-6 can alter gene transcription, thereby affecting the serum level of the cytokine. A cytosine-to-guanine mutation in IL-6 at position -174 has been identified and the G allele has been confirmed to be related to multiple diseases, including cancer (Pine et al., 2011) Several studies have indicated that IL-6 level is related to lung cancer prognosis (Cox et al., 2001) . However, to our knowledge, this is the first study to explore the association between the IL-6 -174G/C gene polymorphism in the promoter region and NSCLC prognosis. Our results show that NSCLC patients with a G carrier genotype (GG or CG) had a significantly shorter survival time compared to those with the CC genotype (survival was ~20 months shorter; P = 0.032). Multivariate Cox proportional analysis revealed that the SNP plays an important role in NSCLC patient prog-nosis (HR = 1.680; 95% CI = 1.075-2.624; P = 0.023). Another possible explanation is that IL-6 can regulate cytochrome P450 (CYP) enzyme expression and it has been confirmed that CYP1B1 is overexpressed in lung, colon, breast and other cancers. CYP1A1 and 1B1 can activate many pro-cancer substances, such as heterocyclic amines and polycyclic aromatic hydrocarbons. Patel et al. (2014) confirmed that IL-6 can inhibit microRNA 27b (miR27b) expression and upregulate CYP1B1 expression. IL-6 can induce phenotypic change in cells in colon tumors, which leads to drug resistance. It can also stimulate carcinogen metabolism in situ, leading to DNA damage and enhanced tumor invasiveness (Meenagh et al., 2002; Yang et al., 2014) .
Preclinical data suggest that different IL-6 genotypes may affect opioid analgesic dose in pain management in NSCLC patients. Bianchi et al. (1999) revealed that the analgesic effect was reduced in IL-6 knockout mice, and IL-6 deficient mice produced tolerance to analgesic drugs. Our data also indicate a correlation between IL-6 genotype and pain in NSCLC patients. Serum IL-6 level was decreased in patients with the homozygous CC genotype, and they required a significantly higher opioid dose than patients with other genotypes (GG or GC). In addition, male NSCLC patients with the CC genotype required the highest dose of analgesic drugs. Thus, detecting IL-6 gene polymorphisms in NSCLC patients may predict patient response to opioid analgesics, which can help improve quality of life and prognosis.
In summary, the IL-6 -174G/C polymorphism is closely correlated with cancer pain, analgesic use, and survival in NSCLC patients. Further investigation is needed to elucidate the potential mechanism of this SNP and it is necessary to confirm these results through a more exhaustive study of NSCLC patients.
